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Abstract 
A revolution in parcel delivery is created by multicopters, because of their capability to 
operate in isolated areas, unsuitable road infrastructure, and calamity affected areas etc. But 
current multicopters used for parcel delivery are dangerous to people, and are also difficult 
to store and transport, that is the current multicopters are not much user-friendly. Safety 
issues arise due to the unshielded spinning propellers, which is injurious to the user. 
Transportation at the time of deployment and storage is often impaired by its large size which 
is required for heavy lifting. This paper addresses the limitations of the current multicopter 
by proposing the integration of a quadcopter into a foldable protective cage. A protective 
structure is provided by the cage which physically separates the propellers from the 
environment, and it also ensures the safety of people. The size of the cage can be reduced by 
folding, that provides ease of storage and transportation. 
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INTRODUCTION 
The recent flood in Kerala has completed a 
great deal of harm to the general 
population and their properties. At the 
season of this disaster, individuals 
concentrated more on assisting the 
influenced individuals by providing 
enough food and water. Yet at the same 
time, they were not ready to supply them 
to every single one who was stuck in 
isolated territories. Automatons are 
quickly turning into a savvy and time 
powerful answer for convey distributes 
thickly populated conditions just as in 
remote areas without requiring any 
reasonable street arrange. Additionally, the 
developing prevalence of automatons for 
purchasers could make ready to new 
online business models in which 
automatons could empower shared 
transportation of merchandise. The two 
situations require floating stages that are 
characteristically sheltered and simple to 
store and transport, necessities that are not 
yet satisfied by economically accessible 
stages. 
 
Drone has many advantages in performing 
many tasks where humans cannot reach, 
such as surveillance, rescue missions etc. 
The drone has four propellers with motors. 
The other name of drone is quadcopter, 
whose basic principle is the rotation of two 
motors in clockwise direction and the 
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rotation of other two motors in 
anticlockwise direction which allows the 
aircraft to ascend vertically. Upon taking 
the flight, with the help of a camera live 
videos can be captured along with images. 
The delivery of parcels in densely 
populated environments as well as in 
remote locations without a suitable road 
network can be done effectively by a drone 
with low cost and less time. Many 
companies are seeking their attention 
towards cargo transportation and delivery 
because of their capability to navigate 
above all obstacles with shortest route and 
also their capability for vertical take-off 
and landing even in cluttered 
environments. Concerning safety, 
unshielded spinning propellers are a 
serious threat and can cause injuries or 
damages when interacting with people or 
obstacles. Commercially available drones 
for parcel delivery provide only limited 
protection. A light weight protective cage 
around the drone or propellers can only 
protect the user from the injuries or 
damages. For example, lightweight carbon 
fibre tube cages have shown to be effective 
in avoiding injuries to users and avoiding 
drone damage during collisions. In order to 
generate sufficient lift, transportation of 
heavy payloads and concerning size with 
large aerial surface is required, that is, 
drones have much larger size than the 
parcel, which is difficult to handle, store, 
transport and it also creates some safety 
issues. To overcome all the issues, here we 
describes a novel design which addresses 
both the size and safety issues and it also 
consists of a Origami based foldable 
protective cage integrated with a 
quadcopter. The cage encloses the entire 
quadcopter including the paper. During 
flight, to protect the user from the spinning 
propellers the cage is closed. While 
loading the cargo, a safety mechanism 
shuts down the propeller when the cage is 
open. Origami inspired cage are used and 
it allows the drone to be manually folded 
which reduces its volume for ease of 
transportation and storage. According to 
the new design, a user can easily and 
safely catch the approaching drone. The 
foldable cage structure allows the user to 
easily carry the platform and deploy it in 
seconds when required. 
 
CONCEPT 
The protective structure of the cage 
function is to separates the harmful 
propellers of the quadcopter from outside 
environment and people. To make the 
drone foldable, we resort to an origami 
design. Origami (ori which signifies 
"collapsing", and kami which signifies 
"paper") which is a specialty of paper 
collapsing, that is generally identified with 
Japanese culture. Origami paper weighs 
marginally not as much as duplicate paper 
which makes it possible fora more 
extensive varies of models. For cargo 
delivery, four important features make the 
design of the cage more suitable. First is 
the folding pattern which allows the cage 
to be rigid in the deployed configuration, 
and thereby ensures stability during flight. 
Second is the modular structure which 
enables control over the spatial density of 
the cage. Third is the folded configuration 
of the cage which offers sufficient free 
space, for protecting them during 
transportation and also to encapsulate the 
components of the quadcopter. The cage 
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integrates the cage and the quadcopter. 
The position of the cargo is chosen below 
the quadcopter, to avoid the airflow 
generated by the propellers. The 
integration of cage has two advantages: 
weight reduction and a single arm 
movement can folds the cage structure. 
 
COMPONENTS 
Main components of the system may 
include ardupilot 2.8, a transmitter, a 
receiver, LiPo battery, electronic speed 
controllers (ESCs), BLDC motors, 
servomotor, GPS module, camera and 
frame. 
 
Ardupilot 2.8 
The APM 2.8 is an open source autopilot 
system, one of the best-selling 
technologies that won the prestigious UAV 
competition for the outback challenge. 
This is also capable of using waypoints to 
perform programmed GPS missions. It is 
easier to mount APM on fixed wing 
aircraft, keeping both engines and ESCs 
far enough away to prevent magnetic 
interference, so this is not critical. APM 
2.8 gives much flexibility in positioning 
and is a good choice. 
 
The digital mission planner tools to configure 
and regulate Ardupilot panel with the 
following steps; point-and-click waypoint 
admission. Then pick mission orders from 
drop-down menus and download mission log 
documents and evaluate them. Then 
configure your airframe's APM 
configurations and then interact with a PC 
flight simulator to generate a complete 
hardware-in-the-loop UAV simulator. Finally 
view the output from APM’s serial terminal. 
The mission planner software by Michael 
Oborne, available here, is used to upload the 
Arducopter ﬁrmware to the board, update it 
and perform some tuning operations. It has a 
lot of features in addition to the ones we 
currently use it for, above all for outdoor 
ﬂight. Mission Planner is a full-featured 
ground station application for the ArduPilot 
open source autopilot. It is compatible with 
windows only. With software that gives you 
an easy point-and-click setup/configuration, 
along with a full-featured interface. 
 
IP Camera 
Drone photography is the catch of still 
pictures motion and live videos by a 
remotely-worked or independent 
unmanned aerial vehicle (UAV), otherwise 
called an unmanned air ship framework 
(UAS) or, all the more ordinarily, as an 
automaton. A lightweight first personal 
view (FPV) camera and the related video 
transmitter are utilized to screen the drone 
condition continuously. 
 
WORKING 
As the battery (LiPo) is plugged into the 
power distribution board of drone, in 
which the camera is also switched ON for 
live streaming and capturing pictures. 
Before this, the transmitter should be in 
ON condition, if not ERROR can occur in 
Ardupilot. After switching ON the 
Ardupilot and the transmitter, the receiver 
test is done to make every channel that is 
Aileron, Throttle, Elevator, Rudder, Aux 
equal to “0”. Now after the receiver test, 
all 4 motors rotate with equal orientation 
and speed. Now increase the throttle using 
transmitter or the controller to stabilize the 
motor's speed and take a flight. 
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Figure 1: Flow chart. 
 
CAGE DESIGN 
Cage is made up of foam board. The 
cage encloses the four propellers and 
ensure safety to them. They are 
rectangular cascaded in shape connected 
in centre. Foam board is lightweight, 
and easily cut material used for the 
mounting of photographic prints. It is 
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made up of three layers. The inner layer 
is made of polystyrene foam clad, with 
the two outer layers made of white clay 
coated paper. 
 
 
Figure 2(a): Deployed cage. 
 
 
Figure 2(b): Cage deployed and fixed in quadcopter. 
 
DRONE OPERATION 
Working starts with the transmitter-
receiver part. The first phase is to enable 
Arm and Disarm APM2.8 of the 
controller. If Arm is selected, the 
Quadcopter will be ready to operate by 
switching on the APM 2.8 and the entire 
loop will go off if Disarm is selected. It 
can be the same transmitter receiver in it to 
manually control the quadcopter. Once this 
is over, the GPS will retrieve the current 
location of the quadcopter and set the 
predefined path using way points using the 
omnipresent Mission Planner software. 
The APM 2.8 subtracts from the Mission 
Planner way point software the current 
point location (extracted from the GPS). 
Following this phase, according to the 
consequence, the quadcopter is produced 
to travel the required path using Electronic 
Speed Control (ESC). The ESC is an 
interface tool which controls the speed of 
the engine through the outputs of the 
controller. The APM 2.8 module sends 
signals to all 4 ESCs to move the 
quadcopter in a particular direction based 
on the output of the subtracted position. 
Consequently, each engine must carry 1⁄4 
of the weight of Quadcopter as opposed to 
Helicopter, where the entire weight is 
carried by the single engine. Building a 
live-control quadcopter as well as 
sufficiently flexible autopilot capabilities 
needs to address several issues. Then the 
quad will be equipped with a portable 
camera from the base station that can be 
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controlled. We used the engine as a 
brushless engine because it is possible to 
achieve high speed. The aircraft must have 
sufficient payload capacity and 
stabilization and location capability. A 
camera is needed in addition to the 
airplane, which can perform the picture 
acquisition method at the right time and 
location. Suppose the engine on the rear 
should rotate in a greater RPM than the 
front engines if the quadcopter wants to 
move forward. This controls the 
movement of the quadcopter. The 
monitoring method requires placement in 
the quadcopter itself with the help of the 
mobile. Then a personal computer from 
the base station connects wirelessly to the 
quadcopter phone. With the help of 
implementation, the image can be 
displayed from the ground station PC / 
Mobile itself. System is composed of an 
APM 2.8 board that is used as the 
controller for the quad, it senses data from 
the onboard gyros, altimeter, 
accelerometer, etc. and makes the 
calculations necessary to change the 
outputs going into the ESCs, effectively 
controlling the speed of the motors to keep 
the quad stabilized. The system is powered 
by a 3-cell Li-Po battery connected to a 
power distribution cable used to supply 
power to the ESCs as well as a 5V power 
route to the power module of the APM 
with a 6-position cable. The 5V routed to 
APM and all on-board sensors as well as 
the external GPS / compass module are 
sufficient to run it. Through three bullet 
connectors, each ESC is connected to one 
of the motors, acting as a 3-phase power 
source for the motors and controlling the 
speed, rotation direction and also acting as 
a dynamic brake for the motors. Using an 
old style GPS connection, the external 
Ublox NEO-7 GPS module is connected to 
the APM board as well as a connection to 
power it from the APM. Mission planner 
software serves as the ground station for 
our system; it is also used to set up the 
APM board for the first time, to load 
firmware and also to configure our system. 
Mission planner is the ground station 
software responsible for autopilot, where 
we can set the way for our quad to fulfil its 
mission. Mission planner allows regular pc 
gaming joysticks to be used as input which 
we plan to use for dynamic control of our 
system. The RF transceiver connected to 
the APM itself should be connected to the 
3dr telemetry port on the APM Reference. 
The video captured using the mobile 
camera attached with the quadcopter. The 
streaming video is viewed 
using application in the computer/mobile. 
 
The system is powered by a 3-cell Li-Po 
battery which is connected to a power 
distribution cable that is used to feed 
power to the ESCs and also route 5V of 
power to the APM‘s power module with a 
6 position cable. The 5V routed to APM 
are sufficient to run it along with all the on 
board sensors as well as the external 
GPS/compass module. Each ESC is 
connected to one of the motors through 3 
bullet connectors, they act as a 3 phase 
power source for the motors and control 
the speed, direction of rotation and also 
can act as a dynamic brake for the motors. 
The inputs of those ESCs are connected to 
the output pins on the APM 2.8 board, to 
pins 1, 2, 3 and 4, the purpose is to control 
the speed of each motor, so we can 
effectively perform all 4 possible quad 
movements which are roll, yaw, pitch and 
accelerate along the common orientation. 
The external Ublox NEO-7 GPS module is 
connected to the APM board using old 
style GPS connection as well as a 
connection to feed it power from the APM. 
Mission planner software serves as the 
ground station for our system, it is also 
used for first time setup of the APM 
board, to load firmware and also used 
for our system’s configuration. 
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Figure 3(a): Block diagram. 
 
Mission planner is the ground station 
software in charge of autopilot, where we 
can set way points for our quad to carry 
out its mission. Mission Planner allows the 
usage of regular pc gaming joysticks as 
input which is what we plan to use for our 
system dynamic control. The RF 
transceiver connected to the APM itself 
should be connected to the 3dr telemetry 
port on the APM Reference. The video 
captured using the mobile camera attached 
with the quadcopter. The streaming video 
is viewed using application in the 
computer/Mobile. 
 
Delivery App 
To deliver the package to the right 
customer, we developed an app which 
controls the delivery mechanism. A One 
Time Password (OTP) is sent to the 
authentified customer when the drone is 
out for delivery. And when the drone 
arrives near the customer, they can pair 
with the Bluetooth device attached to the 
drone with their mobile phone. Then the 
customer can enter the OTP on a box that 
appears and the drone drops the package. 
The app also consists of a feedback box 
and an option asking whether the package 
was delivered or not. The app was 
developed using MIT app inventor. 
 
Delivery Mechanism 
The delivery process is completed at most 
care and safety. This is a challenging task, 
not only to ensure the safety of the 
package but for both the customer and the 
drone. The quadcopter is safely armed 
with the configurations of Ardupilot board 
which stabilises the quadcopter with 
several options like hold, stabilised flight, 
landing etc. Quadcopter is guarded using a 
cage which also ensures safety to the 
person who handles it. The cage weighs up 
to 300g and is 1/10 times cheaper than 
carbon nanotubes. They are ensured with a 
locking mechanism and they can be both 
deployed and folded, so that they can be 
separated when not in use. The servo 
motor is small in size and is able to bare 
loads. Hence, servo motor is used here for 
dropping mechanism. A code is used to 
rotate the servo motor for unloading 
position and loading position when the 
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corresponding OTP is entered through the 
app. This quadcopter can lift a payload of 
weight up to 0.5kg and is power efficient. 
 
RESULT 
The drone lifts the payload and delivers 
the package when the OTP is entered, and 
the cage ensures maximum safety for the 
people and for the drone itself. The power 
of battery remains up to 25 minutes when 
it lifts a payload of 200g approximately. 
Thus, they are power efficient.  
 
 
Figure 3(b): Quadcopter delivering the 
package. 
 
CONCLUSION 
There are many places where man has to 
risk his life for the surveillance in 
industries like in horrible temperature 
conditions unbearable by man, high 
altitude work. There are many people 
losing their lives. So the solution to this 
problem can be brought up by using a 
remote-controlled aerial vehicle for 
surveillance. This project majorly finds its 
use in military and defence for 
surveillance at the border as a part of 
border security force and can reduce the 
loss of human lives by intimating the 
soldiers about the target. 
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